Abstract The food consumer plays an increasingly prominent role in shaping the food and farming system. A better understanding of how public policies affect consumer choice and how those choices impact health, environment, and food security outcomes is needed. This paper addresses several key challenges we see for the future, including issues related to dietary-related diseases and the efficacy of policies designed to improve dietary choices, trust in the food system, acceptance of new food and farm technologies, environmental impacts of food consumption, preferences for increased food quality, and issues related to food safety. We also identify some research challenges and barriers that exist when studying these issues, including data quality and availability, uncertainty in the underlying biological and physical sciences, and the challenges to welfare economics that are presented by behavioral economics. We also identify the unique role that economists can play in helping address these key societal challenges.
The impact of consumer-oriented movements on the food and farming sector can be seen in a variety of ways. Popular books such as Fast Food Nation (Schlosser 2001) and Omnivore's Dilemma (Pollan 2006) have criticized modern agriculture and prompted new demands on the food system. Consumers have demanded, and food marketers have offered, a host of new food characteristics and attributes, including provenance, organic, no genetically modified organisms (GMO), fair trade, gluten free, low fat, and more. In recent years, legislative action and direct voter initiatives have focused on consumer issues such as soda taxes, livestock housing conditions, the healthfulness of school lunchroom offerings, transfat bans, and mandatory GMO and meat origin labels. Scientists have created a variety of new food and agricultural technologies such as irradiation, biotechnology, and pesticides, all of which promise to improve food safety, increase productivity, or lessen environmental impacts, but that have experienced slower than expected international adoption as a result of consumer fears and backlash.
These changes are emerging alongside a variety of trends that have attracted public concern related to public health and the environment. Eating patterns, for example, have changed over time. Consumers are allocating a larger proportion of their food budget to food away from home. The share of total food spending that occurred away from home passed 50% for the first time in , up from 43% in 1990 , 39% in 1980 , and 33.4% in 1970 (USDA-ERS 2016 . There have been other changes in the quantity and types of foods eaten, which are associated with changes in health status. Almost 70% of the U.S. adult population is now considered overweight, and more than one-third is obese (CDC 2014; Ogden et al. 2014) . While there are problems with over-eating on the one hand, there are also concerns about under-nutrition and food security on the other (see Gundersen and Ziliak 2018, in this issue) . There is also increasing awareness of the linkages between food demand and dietary choice, global food security, and environmental outcomes such as water use and climate change (e.g., CarlssonKanyama 1998; Foley et al. 2011; Tilman et al. 2011; West et al. 2014) .
What do food and agricultural economists have to contribute in addressing these complex issues related to food demand? As it turns out, quite a lot. Food and agricultural economists have a long history of providing tools and insights to address important changes in food consumption patterns (Unnevehr et al. 2010) . At a fundamental level, economics provides a theoretical and empirical framework for estimating consumer preferences. This framework provides key inputs into the analysis of the costs and benefits of food and farm policies and helps project how consumers' spending patterns change in response to price changes, labels, and more. Emerging research in behavioral economics provides insights into how food policies can be implemented in ways that achieve intended results in a more cost-effective manner. Separating correlation from causation is an integral part of the training of agricultural and applied economists, and these tools are essential for studying multi-causal outcomes related to health, environment, and household well-being. Economists have also played important roles in designing policies and markets to improve societal outcomes. Donations to food banks, for example, are now more effectively allocated across the country due to a market-based system (Prendergast 2017) .
The foregoing discussion explores several pressing areas related to food consumption that are likely to be of societal importance and will demand the attention and talents of agricultural and applied economists in the future. After discussing more than a half-dozen such issues, we then turn to some of the limitations economists are likely to face in addressing these challenges. The last section summarizes our thoughts about economists' roles in addressing social issues.
Challenges and Priority Areas
Dietary-Related Diseases and Efficacy of Policies Designed to Improve Dietary Choice While indicators suggest that the quality of consumers' diets has improved in recent years (Beatty, Lin, and Smith 2014) , there are concerns about the healthfulness of food intake and the impacts on dietary-related disease. For example, growth in life expectancy appears to be slowing, and has even been reversed among some sub-populations (Arias 2016) . The aforementioned problem of obesity has been estimated to cost Americans $209 billion annually (Cawley and Meyerhoefer 2012) . MacEwan, Alston, and Okrent (2014) estimate the deadweight losses accruing from overweight and obesity because of higher public medical costs to be almost $150 billion. Further concerns surround the increasing prevalence of diabetes (Geiss et al. 2014) . While trends in age-adjusted death rates from cancer and coronary disease are improving (e.g., Roger et al. 2012; National Cancer Institute 2016; Ryerson et al. 2016) , many public health offices argue that incidence rates are too high.
Although cancer, diabetes, obesity, and other dietary-related diseases are complex phenomena with many potential causes, they all depend, in part, on what people eat. What people eat, in turn, depends on economic phenomena such as prices, information, availability, income, social settings, and more. The linkages between these economic variables and food choice have attracted the attention of policy makers and public health advocates as they seek "levers" to improve public health. There are numerous policy alternatives on the table, including various forms of fat and soda taxes, healthy food subsidies, information policies related to calorie and nutrient labeling, restrictions on certain forms of advertising and health claims, and investments in health and diet education. Projecting the effects of these policies requires knowledge not only about the underlying biological and nutritional processes but also about consumers' (and firms') behavioral responses to the policies (e.g., demand elasticities).
Often economic analysis sheds light on unanticipated policy consequences. For example, competitive pressures may result in food companies responding to taxes or advertising bans in ways that encourage rather than discourage consumption of unhealthy items. Prohibiting advertising might cause firms to redirect funds previously spent on promotion toward investments in cost-cutting technologies, which might lower prices and increase consumption (Requillart and Soler 2014). As another example, both taxes on unhealthy foods and subsidies for healthy foods are likely to increase inequality, as higher-income consumers already tend to buy relatively more of those foods that will be subsidized and relatively less of those foods that will be taxed compared to lower-income consumers (Muller et al. 2017) .
Economic analysis can help point the way toward more effective policy making. Examples include research that suggests excise taxes might reduce Understanding the Impacts of Food Consumer Choice and Food Policy Outcomes soda consumption more than sales taxes (Zhen, McLaughlin, and Kaiser 2012) , that calorie-based taxes are more cost-effective than ounce-based taxes (Zhen, Brissette, and Ruff 2014) , that numeric calorie labels have little effect in restaurant settings but traffic light symbols (e.g., red¼unhealthy, green¼healthy) significantly affect purchases (Ellison, Lusk, and Davis 2014) , and that farm-level interventions are unlikely to meaningfully affect obesity (Okrent and Alston 2012) . Spending on agricultural research and development might have marginally contributed to the obesity problem, while also delivering countervailing benefits to producers and consumers (Alston et al. 2016) . Qian et al. (2015) found that a nutrition assistance program providing free fruits and vegetables to school children might reduce obesity rates, but their findings were sensitive to the methods used to control for endogeneity and selection effects. These sorts of results suggest the need for experimental research and randomized controlled trials to study the effects of policy interventions, both to identify causal mechanisms and to test the robustness of research findings as the anticipated improvements in dietary choice from simulation models have not materialized when looking at realworld taxes (e.g., Fletcher, Frisvold, and Tefft 2015) .
Trust in the Food System and Acceptance of New Food and Farm Technologies
Agriculture has experienced one of the highest rates of productivity growth of any sector of the U.S. economy (Ball et al. 2015; Jorgenson et al. 1987 Jorgenson et al. , 2005 . Because productivity growth is closely linked to improvements in consumers' well-being and rising standards of living, it is of interest to promote and increase rising productivity, which also relates to the goal of improved sustainability and food security. In the case of food and agriculture, rising productivity growth has brought about lower food prices, greater food availability, convenience, and lower rates of food insecurity. A large body of academic literature has estimated that spending on agricultural research and technology has positively contributed to productivity growth (e.g., Alston et al. 2011) , and yet many of the resulting innovations that have directly led to productivity growth-chemical inputs, biotechnology, synthetic fertilizer, etc.-are of concern to consumers (see Lusk, Roosen, and Bieberstein 2014 for a review on consumer-aversion food technologies).
A key challenge centers on increasing the sustainability of food production while meeting the demands of a growing world population in ways that are acceptable, even desirable, to consumers. The aforementioned ruralto-urban transition has lessened the connection people have with large-scale food production. It is unclear whether and to what extent this transition has contributed to increasing concern about farming practices and a loss of trust in the food system. Yet to the extent there has been an erosion of trust in food and agricultural innovation, there are likely adverse consequences for economic growth and consumer well-being (Fehr 2009 ). On issues like biotechnology, there is a wide gap between opinions of scientists and the general public in regard to the safety of the technology (Funk, Rainie, and Page 2015) .
What is the role of public education surrounding food and agricultural technologies?
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Most consumers know very little about farm technologies such as GMOs (e.g., McFadden and Lusk 2016). However, simply "educating" consumers with scientific information about biotechnology or nanotechnology, for examples, is unlikely to have sizable effects in light of consumers' prior beliefs, the diverse set of existing and competing messages on the topics from interested parties, and behavioral biases such as confirmation bias and motivated reasoning (Huffman et al. 2007; Kahan et al. 2009; McFadden and Lusk 2015) . It may be that social pressure is more influential than educational campaigns. For example, there has been a small counter movement to the anti-GMO groups including high-profile figures, such as the television personality Bill Nye "the science guy" who publicly changed his views on GM foods. Few like to be called "anti-science" and emerging research may help researchers understand the effect of social norms and pressures in relation to issues such as climate change and biotechnology.
It is also important to note that food issues appear to be increasingly politicized (Lusk, 2012) . This is reflected in retail food choice and information acquisition but also, most directly, through new direct ballot initiatives where citizens vote to affect not only their own food environment but that of others as well. That is, not only can consumers vote with their pocketbooks, they also vote to enforce what gets sold. Ballot initiatives give consumers more power over the food system, but they also introduce new challenges. One is the so-called "vote buy gap" where citizens vote to ban products that are purchased by a majority of consumers in the marketplace, leading to a type of unfunded mandate on producers. More fundamentally, the U.S. founding fathers explicitly rejected direct democracy for a variety of reasons, including protection of minority views and expectations that elected representatives will be more knowledgeable than the general public. More research is needed to understand the factors that affect citizens' votes on GMO labeling, soda taxes, farm animal housing, etc., and there is a need to better understand the impacts on the food sector if it is increasingly governed by direct ballot initiative and the cost and consequences of ballot initiatives that do pass (Mullally and Lusk 2017) . The objectives of policy makers may differ from those implied by collective public votes if the regulator has better knowledge, but of course the latter can also suffer from regulatory capture in addition to other public choice problems. These issues are also relevant to the unresolved debate over the role of scientific consensus versus consumer (or voter) sovereignty.
Consumer concerns about current food and agricultural technologies and production practices have led to the emergence and growth in niche markets for products that are hormone-free, non-GMO, gluten-free, organic, biodynamic, etc. While many of these sorts of products can provide benefits related to animal welfare, environment, taste, or health, consumers also have beliefs about many product claims that are unsubstantiated by science (e.g., Schuldt and Schwarz 2010) . Moreover, many of these niche products are associated with production practices that tend to be less productive, raising questions about land use and food security as the sizes of these markets grow. These developments suggest the need for economists to work closely with innovators and scientists to anticipate consumer reactions to new technologies, and for economists to work with psychologists and sociologists to understand how people process information about emerging technologies.
Understanding the Impacts of Food Consumer Choice and Food Policy Outcomes

Environmental Impacts of Food Consumption
There is increasing awareness of the linkages between food consumption patterns and environmental outcomes, and some advocacy groups have expressed interest in methods of altering food consumption patterns as a way to improve the environment. A large body of research has arisen, mainly using life cycle analysis (LCA), to identify the carbon, energy, land, and water impacts of different production systems. This work is often focused on meat production (e.g., see De Vries and De Boer 2010, or Heller, Keoleian, and Willett 2013 for reviews). While this research tends to highlight the large impact of meat, and in particular beef, production relative to other foods, it is not always the case that completely vegetarian diets have the lowest overall environmental impacts (Peters et al. 2016) , and other work highlights the dramatic improvements in environmental impacts over time that have occurred in the beef sector, primarily as a result of increasing productivity (Capper 2011) . Key unanswered questions relate to causes of the large gap between environment-impact-minimizing diets and the factors driving actual consumption patterns.
There are also questions about the nutritional impacts of diets, storage, processing, preparation times, relative prices, and the extent to which prices reflect all externalities (positive and negative). There are opportunities for multidisciplinary efforts to better integrate economic, biological, and physical outcomes resulting from proposed food policies and dietary changes. It remains unclear how numerous, competing environmental impacts should be aggregated into a single overall metric or indicator of consumer welfare. For example, nutritional studies often point to the benefits of increased fruit and vegetable consumption relative to the consumption of grains or meats. However, grains are relatively inexpensive and grain-producing plants efficiently convert resources like land and water into human-edible calories. Moreover, use of water and pesticides are sometimes orders of magnitudes higher, on a per acre basis, for many fruits and vegetables than they are for many grains and oilseed crops (Agricultural Chemical Use Database 2017). Some research suggests moving diets toward the USDA Dietary Guidelines to incorporate more fruits and vegetables can actually worsen some environmental impacts (Tom, Fischbeck, and Hendrickson 2016) .
There are a variety of private and public efforts to define and certify "sustainability", but additional work is needed to determine exactly how consumers respond to different methods of communicating this concept and how the costs of these efforts will impact consumer choice and dietary patterns. The research is clear that many consumers are willing to pay a premium for foods that advertise improved environmental characteristics (e.g., Teisl 2011); however, there is at present no consistent or common metric for consumers to judge such issues as they must rely on claims such as organic, "natural", local, and biodynamic. To compound the problem, consumer beliefs about environmental or health impacts of claims such as organic or local do not always match up with the findings from nutritional or natural sciences. Incorporating consumers' preferences into these discussions and sorting out the difficult tradeoffs that affect actual (rather than just perceived) health and environmental outcomes in a way that is consistent with consumer preferences represents an important challenge for the future.
An emerging topic related to environmental impacts is food waste. Buzby et al. (2014) estimate that about 31% of U.S. food is wasted (however, see
Applied Economic Perspectives and Policy Bellemare et al. 2017 for evidence that some of these food waste statistics may be inflated). If more of the food that is produced is actually consumed, then fewer resources will be needed for production. In addition, some of this food waste could potentially be used to help feed food-insecure populations. Although some food waste is unavoidable and is a rational result of economic optimization (Lusk and Ellison 2017) , many would argue that the current level is too high and produces negative externalities (Katare et al. 2017 ).
More work is needed on the economic factors that give rise to food waste and on the costs and benefits of policies aimed to reduce food waste, although a few studies currently exist. For example, Wilson et al. (2017) examined how alternative date labels influence consumers' willingness to waste. These authors find that consumers respond differently to different types of date labels, such as "Sell By," "Use By," "Best Before," "Fresh by," and "Enjoy By." Different labels cause confusion among consumers and can lead to additional and unwarranted food waste (Newsome et al. 2014) , and economic research such as this can help inform policy aiming to harmonize date label policies.
Changing Consumer Preferences
There is a need to understand how consumer preferences for food and beverages are changing and what the implications are for the future. There is evidence of a shift in emphasis from low-cost, convenient, high-tech, and mass market food toward an emphasis on taste, variety, customized, healthful, natural, authentic, and fresh food (McCluskey 2015) . In one generation, food consumption preferences have significantly changed. Children raised in the 1970s and 1980s regularly ate foods made from processed mixes, often ate fast food, and their vegetables often came from a freezer or can. Now parents themselves, these consumers do not want to serve the same highlyprocessed foods to their own children (Ellison 2004 ). Instead, they serve organic foods if they can afford it and want to offer foods with "clean labels" that have a short list of ingredients that are recognizable as food and lower sodium. Further, they want greater control and are concerned with what is in their foods, the processes with which the foods are made, and where the ingredients are from (Food Marketing Institute 2015) . These changes in preferences hurt the market for unhealthy commonly-consumed foods such as highly-sweetened breakfast cereals that are marketed to children. In fact, the breakfast cereal category is symptomatic of many recent changes in consumer preferences. The cereal business has been declining for more than a decade as consumers increasingly prefer lower-sugar and higher-protein options (Strom, 2014) .
In response to changing consumer preferences, many food and agricultural companies are feeling pressure to reinvent themselves. In the past, food companies often pushed to lower costs rather than to win consumers with quality and variety. There will always be a demand for low-cost products, but even Walmart is beginning to offer perceived higher-quality options. Increased product differentiation and customization is expected and is required to be successful in all but the lowest price niche.
At the same time, there remains a sizable budget-conscious consumer segment. Increasing income inequality in the United States may result in increased bifurcation of the food supply chain. On the one end, relatively wealthy consumers will demand the highest-quality and most expensive attributes, and on the other, food-insecure households will be constrained by their budgets and maximize their caloric intake, often sacrificing health and quality.
Economists can assist the food industry and policy makers in understanding the implications of changing consumer preferences and how demand changes interact with policies related to food assistance, trade, labeling, and farm support. Agricultural and applied economists have a comparative advantage in analyzing data (which is available in unprecedented amounts at the retail level) and in deriving causal inferences. Retail scanner data offers plentiful prospects to apply new econometric techniques. The availability of geographic information system (GIS) data can help researchers understand how the spatial dimension affects markets and consumer choices. For example, Yang, McCluskey, and Brady (2012) used GIS data to find that the location of wineries affects market prices of their wines more than expert scores (a proxy measure for quality).
Partnering with researchers allows firms to understand the effect of a marketing promotion or strategic campaign in a rigorous manner. It is possible through industry-academic partnerships to perform "field experiments," at retail food outlets (e.g., see Ellison, Lusk, and Davis 2014) , which allow for exciting opportunities for the researcher to gain insights outside of the lab. These partnerships can help firms make more informed decisions. The challenges include confidentiality issues. Researchers naturally want to publish their results, but they must do so in a way that is acceptable to the partnering firm(s) and does not divulge trade secrets.
Food Safety
Each year in the United States, approximately 48 million consumers, about one in six of the U.S. population, contract a foodborne illness, resulting in 128,000 hospitalizations and 3,000 deaths (Centers for Disease Control and Prevention 2016). Industrialized agriculture has the potential to promote increased food safety through the use of integrated and coordinated standards; however, the size of the system implies that a single source of contamination can rapidly be distributed, resulting in widespread damage. In addition to the concern for human health, major economic shocks and losses can result from product recalls and the market response (Burton and Young 1996; Verbeke and Ward 2001; Piggott and Marsh 2004) .
Preventing foodborne illness is a multifaceted problem, and there are many economic issues to consider including asymmetric information, impacts of regulations and policies on firms' incentives and markets, consequences of vertical integration, valuation of the costs of foodborne illness including the loss of health, risk, and consumer behavior. Policy makers, the private sector, other stakeholders, and consumers can institute measures to improve food safety, but these must be done in a cost-effective manner. These measures include public policy and regulations 1 ; international 1 There are numerous examples of changes in public policies and regulations that may prevent foodborne illness. For example, Zivin (2006) analyzed economic issues involved in a market with consumers who are heterogeneous in their susceptibility to food-related health risks. In his model, the policy maker can either set uniform or tiered standards. Consumers then choose which safety-grade of food to consume based on price and their vulnerability. Zivin's empirical results confirm the importance of the population distribution of vulnerability on the relative desirability of single versus multiple quality standards.
trade agreements 2 ; firm-level science and risk-based management practices for prevention; vertical integration and traceability systems; private standards, labeling, and certification; market response and product reputation; recalls; and the threat of lawsuits under liability law.
As Hoffmann (2016) discusses, under-supplied food safety can be considered as a market failure stemming from asymmetric information and externalities. In terms of asymmetric information, foodborne hazards are often not detectable by the person who consumes the food or within the supply chain. Thus, risk-based management practices, such as hazard analysis and critical control points (HACCP), are implemented to prevent illness. Firms know better than consumers whether preventative measures have been instituted, resulting in asymmetric information.
A second facet of asymmetric information is that food is often comingled from many suppliers and farms. Thus, it is difficult to pinpoint the supplier who caused the harm. This is similar to non-point source pollution in environmental economics. If the offending supplier is unlikely to get caught, then incentives to prevent contamination are reduced. Economists can design policy instruments to mitigate the incentive problem; they can also help address the externality problem that arises when a food safety outbreak by one firm harms other firms selling in the same industry. Analysis of production and food supply chains can lead to better risk assessment and management practices for producers and consumers in a cost-effective manner that tackles the asymmetric information and externality problems.
Food quality standards and the ability to trace food within the supply chain are important tools for fighting foodborne illness and increasing trust in the food system. Historically, quality standards were set by the government. However, in recent years, private rather than public standards are becoming the dominant drivers of the agri-food system (Henson and Hooker 2001) . Private standards have emerged at both the firm and industry levels. The primary profit-related motivations for setting private quality standards are to attract consumers who will pay a premium for high-quality products; to avoid potential liability; protect brand equity; and to pre-empt mandatory government regulations (McCluskey and Winfree 2009). Economists can analyse how standards affect firms' incentives and markets.
More generally, consumers expect and demand food safety, as it is among the most important food values (Lusk and Briggeman 2009 ). There are many ways to communicate with consumers that a food product can be trusted. As discussed above, food safety standards and labels are one of the tools used by several governments and firms to cope with food safety issues in the supply chain. Certifications, origin labeling, and traceability systems can provide information about safety characteristics. Internationally, there is a growing proliferation of food standards and certifications to communicate quality and safety. For example, quality meta-systems (such as the ISO 9000 series) are embedded in voluntary public standards at the national and international levels. Economists can estimate the costs of meeting standards, as well as the impacts of standards on domestic markets and international trade.
Research Challenges
Data Quality and Availability
The inability of polls to predict recent voting outcomes such as Brexit or Donald Trump's election as U.S. President is of growing concern to survey researchers. These high-profile events have coincided with a more general concern with declining survey quality. In an aptly-named paper titled "Household Surveys in Crisis", Meyer et al. (2015) document the sizable decrease in response rates, even in "gold standard" federal government surveys of households and consumers. Johansson, Effland, and Coble (2017) note similar trends with farm surveys. Much of what we know about consumers' dietary patterns and food spending comes from government and academic surveys. A primary concern with falling response rates is that the characteristics of the people who respond may be systematically different from non-respondents, therefore biasing our understanding of food preferences and consumption patterns. It is also the case that even among respondents, there is a tendency for people to mis-report behaviors, particularly when the issues are sensitive or involve strong social norms. For example, Almada, McCarthy, and Tchernis (2016) show that without accounting for the tendency for people to under-report their participation in government food assistance programs, one would mistakenly conclude that the programs lead to higher rates of obesity (see also Kreider et al. 2012) . In addition to mis-reporting food intake behaviors (Subar et al. 2003) , it is also well-known that people tend to under-report their body weight in ways that seriously undermine comparisons across people (Le et al. 2014) .
One way to circumvent problems with survey-based measures of consumer behavior is to turn to scanner data either directly from retail establishments or from household scanning panels that include people who scan in their purchases when they return home. However, these scanner data are not free from selection issues, as not all stores are included in retail scanner data sets and the people who choose to participate in home-scan panels may be different than the general population (Lusk and Brooks 2011) . Moreover, these scanner datasets tend to be rather expensive, and because of their proprietary nature, they pose challenges for replication. Scanner data are also not well-suited to the analysis of fresh meat and fresh fruits and vegetables, as these are "random weight" items for which the actual volume purchased remains unknown. In addition, scanner datasets measure purchases but not consumption. As such, these data cannot provide much information about food waste, for example, or link purchases to consumption by individual household members. Moreover, there are no comparable datasets that provide information on purchases of food eaten away from home, which as previously mentioned, accounts for roughly half of all food expenditures. Efforts to combine the economic information in scanner datasets with datasets on individual food consumption that can be linked with the precise nutritional content of foods are underway, but significant obstacles remain. Experimental methods have the promise of solving some of the aforementioned measurement error and endogeneity problems that plague scanner datasets, but more research is needed to determine how to lower the cost and increase the generalizability of economic experiments.
Uncertainty in Underlying Biological and Physical Sciences
Economic analysis of the impacts of policies aimed at reducing dietaryrelated diseases relies on biological and nutritional science relating the intake of certain ingredients to health outcomes. However, some of the underlying science on such topics is poorly understood.
To give one example, despite its prevalent use in applied economic and epidemiological studies projecting impacts of food policies, a commonly-applied rule translating changes in energy consumption to changes in body weight (3,500 kcal ¼ 1 lb) is now known to dramatically over-estimate the weight loss accruing from changes in caloric intake. It is only recently that easy-to-apply models of weight change have become publically available (Thomas et al. 2013 ). To provide a sense of the degree of bias, consider a policy projected to cause a 100/kcal/day reduction in intake of a 50-year old, six foot tall man initially weighting 250 lbs. Over two years, the 3,500 kcal ¼ 1 lb rule suggests the policy would cause our subject to lose 21 lbs and he would now weigh 229 lbs. By contrast, the more accurate model proposed by Thomas et al. (2013) projects only 4 lbs of weight loss in two years, leading to the weight of 246 lbs.
As another example, widely-publicized concern over the relationship between cholesterol consumption and heart disease led to significant reduction in per-capita egg consumption throughout the 1960s, 1970s, and 1980s (e.g., Brown and Schrader 1990) , but the latest report from the U.S. Dietary Guidelines Advisory Committee (2015) suggests the concerns were unfounded, now saying that "cholesterol is not a nutrient of concern." At present, there is also debate in the scientific literature about the causal relationships between sodium consumption, blood pressure, and heart disease (e.g., Graudal et al. 2014; Stolarz-Skrypek et al. 2011; Strom, Yaktine, and Oria 2013) and between sugar versus fat intake as it relates to diabetes and obesity (Teicholz 2015) .
There are similar uncertainties and tradeoffs as they relate to the underlying science on environmental impacts of different types of food production. For example, organic production methods often use fewer "synthetic" inputs, but also tend to have lower yields (Seufert, Ramankutty, and Foley 2012) , and organics use more of other inputs such as land and labor per unit of output. Grass-fed beef uses less grain but takes more animals longer to produce the same amount of beef and results in greater carbon emissions per pound of meat produced (Capper 2012) . As a result, ultimate impacts often depend, for example, on whether environmental impacts are measured per unit of output (in which conventional looks relatively good) or per unit of input (such as land in which systems like organic look relatively good). The adoption of genetically engineered soybeans likely led to increased herbicide use and increased potential for herbicide-resistant weeds but also facilitated the adoption of low-and no-till farming practices . Unlike the case of environmental regulations levied at power plants, for example, which use a relatively homogenous set of technologies that can be easily monitored, farming and livestock production occurs in all 50 states in a variety of settings and environments that are likely to make the application of a single, uniform "cow tax" highly problematic given current knowledge and monitoring technologies.
Behavioral Economic Challenge to Welfare Economics
Developments in behavioral economics have suggested that consumer choice is sometimes affected by normatively irrelevant cues. These findings have created insights and opened new possibilities for private and public interventions aiming to affect consumer choice. This is particularly true for many food-related decisions. For example, time-inconsistent preferences lead to higher discount rates in the near term than the long term; this may lead people's current selves to eat tasty but unhealthy items today even though their longer-term selves would prefer more prudence via exercise and consumption of less tasty but healthy food items. As another example, people tend to over-weight low-probability risks, suggesting that consumers may place too much emphasis on risks from food technologies like GMOs, irradiation, or growth hormones.
Behavioral economic findings have often been taken as justification for new government interventions such as bans on unhealthy food items or rearrangements of foods in public cafeterias (e.g., Camerer et al. 2003; Thaler and Sunstein 2008) , though not without criticism (Lusk 2014; Sugden 2008 Sugden , 2017 . The same behavioral economics results have also served to undermine some of the conceptual underpinnings for consumer welfare economics that is often employed in cost-benefit analysis. If people's preferences, as revealed through their choice behavior, are whimsical or inconsistent, then they hardly seem to be a sufficient basis for welfare analysis. Just (2017) got to the heart of the problem when he wrote, "behavioral economics makes revealed preference arguments untenable . . . Perhaps the most defensible way forward, however, is simply to argue that policy goals are determined based upon moral arguments rather than empirically identifiable measures of wellbeing." Such observations have led to suggestions for new philosophical and conceptual approaches to undergird welfare analysis (Bernheim and Rangel 2007; Sugden 2004) , but there seems to be no consensus on the path forward, and the fundamental issues involved seem to not be widely appreciated.
Conclusion
This paper has identified a number of emerging societal issues related to food consumption and demand for which agricultural and applied economists have key roles to play. Priority areas for research relate to the impacts of food consumption choices on health and the environment and the impacts of public policies and private initiatives aimed at influencing consumption behaviors to improve health and sustainability outcomes. Other priorities include concerns about declining consumer trust in the food system and a lack of acceptance of new food and farm technologies. Society also faces important challenges in continuing to improve food safety and continuing to deliver high-quality foodstuffs to consumers in a way that does not sacrifice food security. We identified a number of challenges that agricultural and applied economists will face when attempting to address these problems. We believe the profession is up to the challenge.
